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Detailed Report 

1. Name of invention 

MANUFACTURING METHOD OF GLASS CERAMICS PRODUCT 

2. Sphere of the patent application 
(Claim 1) 

Claim 1 is regarding a manufacturing method for a glass ceramic product which 
has the following characteristics. A mixture of glass powders with different softening 
points is heated to a temperature higher than the softening point of the low-softening 
point material and also lower than the softening point of the high-softening point 
material. While the former material is softened and the latter powder is not softened yet, 
the mixture is pressed and molded to obtain a molded preform. Next, this perform is heat 
treated and both materials are softened to make it dense. Meanwhile, crystal is deposited. 

(Claim 2) 

Claim 2 is regarding the manufacturing method for glass ceramic products in 
claim 1 which has the following characteristics. A mixture of glass powder is heated to 
molding temperature, placed in a metal mold, and pressed and molded. 

3. Detailed explanation of this invention 
(Field of industrial use) 

This invention is regarding a manufacturing method for glass ceramic products. 

(Prior art) 

In conventional manufacturing methods for glass ceramic products, glass 
containing a nucleation agent is melted and molded using various molding processes and 
then crystallized by thermal treatment to make glass ceramic products. 

A method for acquiring glass ceramic products without using a nucleation agent is 
disclosed in Japan patent No. S 55-29018. In this method, molten glass is smashed by 
cold water to form small glass pieces. These small pieces are collected in a mold and 
thermally treated, and each small piece of glass is melt bonded while it is crystallized. 

The inventors of this invention disclosed another method in Japan patent No. S 
60-284150. In this method, glass material of a specific composition (mainly wolastnite 
crystal producing composition) is pulverized. By thermally treating a mold filled with the 
fine powder under pressure, powder particles are melted and bonded to make it dense. 
Mainly wolastnite crystals are deposited. 

(Problems that this invention tries to solve) 

Among these former methods, methods which use nucleation agents and 
crystallizes molded glass by heat treatment have problems because the nucleation agent is 
often expensive compared to the base material. In accumulation methods, when the small 
glass particles are softened and melt-bonded, crystal growth is fast. Because of the 
viscosity increase which accompanies crystallization, melt-bond unification of the small 
particles becomes difficult. In other words, there composition of the glass that can be 
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used is limited. It is not suitable for materials containing pigments that promote 
nucleation or for materials with a nucleation agent. 

The next method by the inventors of this invention heat treats pulverized glass 
under pressure to enable softening and melt-bonding at a temperature slightly higher than 
the softening point to make a dense part due to increased contact area in the fine powder. 
In other words, softening and melt bonding of small, rough glass particles by the 
accumulation method requires a temperature considerably higher than the softening 
temperature. We can do it at a temperature which is only slightly higher than the 
softening point as stated above. Accordingly, crystallization can be produced by 
increasing the temperature after softening and melt bonding to make it dense. This 
method also works when the material contains coloring agents that serve as nucleation 
agents or nucleation agents. 

When the pressed powder is molded, a tacky bonding agent is added to improve 
ease of molding and the strength of the molded body. It is effective for preventing 
damage during transportation or during sintering. 

Use of this tacky bonding agent is especially necessary for manufacturing larger 
products which are prone to damage by handling. However, these tacky bonding agents 
do not contribute much to the completed product. Rather, residual tacky bonding agent 
adversely affects the product. In such cases, it is necessary to remove as much binder 
during sintering as possible. However, in many cases, removing this binder is difficult. 
Although many ideas have been tried, increased costs due to the binder have been a 
problem. 

In addition, the high cost of the tacky bonding agent itself and the high cost of the 
device which kneads the tacky bonding agent uniformly are also problematic. 

In many cases, the tacky bonding agent is PVA (polyvinyl alcohol). In addition, 
montmorillonite based and alumina cement based materials are used. However, 
considering the above problems, methods which improve the strength of the molded part 
without using a tacky bonding agent have been actively sought. This invention was made 
in response to this demand. 

-/ 

(Steps for solution) 

The features of this invention which was been made in response to these demands 
are as follows: A mixture of glass powder with different softening points is heated to a 
temperature higher than the softening point of the low-softening point material and lower 
than the softening point of the high-softening point material. While one material is 
softened and the latter material is not softened yet, the mixture is pressed and molded to 
obtain a molded part. Next, this part is heat treated to melt both materials to make it 
dense. Meanwhile, crystal is formed. 

(Function) 

In the above method, the mixture of glass powder with different softening points 
is heated to a temperature higher than softening point of the low-softening point material 
and lower than the softening point of the high-softening point material. While the first 
material is softened and the second material is not softened yet, the mixture is pressed and 
molded to obtain a molded part. Therefore, the softened material functions as the tacky 
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bonding agent, and both powders are united. Thus, it solves the above problems due to 
tacky bonding agents. 

The softened powder is an essential part of the material. Unlike a tacky bonding 
agent which must be used in limited amounts, the amount of low-softening point material 
can be large. Therefore, even if the process pressure is relatively low, you can acquire a 
molded part with higher strength. 

Because of pressure molding mixed powder which is either softened or non- 
softened, it is easy to remove gas from between the powder particles, and a sound molded 
part can be acquired. In other words, as the softened powder is transformed, the 
entrapped gas is removed through the thin gaps between not-softened particles. 

If all the powder is pressed and molded in a softened condition, gas is prone to be 
trapped between powder particles. This gas may cause cracking when the part is reheated 
to crystallize it. 

(Examples of practice) 

In the following, this invention is going to be explained using examples of 
practice. 

First, the powder used as the starting material is going to be discussed. Glass is 
pulverized by appropriate methods such as smashing molten glass. This is called glass 
type material, meaning that the starting material has been turned into glass already. 

Meanwhile, the low softening point material should be glass type material with 
400 to 800°C softening point. The high softening point material should have a 100°C 
higher softening point than the low softening point material. 

In other words, glass which is softened at less than 400°C (glass type material) is 
generally called a low melting point glass. It is not suitable as a glass ceramic building 
material. Glass type material which is softened at higher than 800°C requires high- 
temperature mold materials. The best glass type material has a 500 to 700°C softening 
point. 

The high softening point glass type material should have a softening point that is 
at least 100°C higher than the low softening point material so that the process control is 
not so critical, i.e. small temperature gradients in the oven are not so important. 

The powdered glass type material above does not have be heated in an inert 
atmosphere since the powder is not normally oxidized. Various heating methods can be 
used, such as batch methods or continuous methods. However, the grain size and species 
distribution in the starting powder must not be uneven during heating-stirring. 

Thus, the powder mixture is heated to molding temperature is placed in the 
molding frame for pressure-molding. Metal is the preferred mold material from the point 
of view of molding temperature, pressure, etc. 

Figure 1 is a cross section of one example of a molding process using a metal 
mold. In this figure, 1 is the upper part of the metal mold; 2 is the side of the metal mold; 
3 is the lower part of the metal mold; 4 is a mixture of glass powder type starting material 
which has already been heated. After this mixture 4 is placed into the metal mold, it is 
pressed and molded by the upper mold 1 . 
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To prevent the softened glass powder type material from adhering to the mold, the 
mold can be coated using zircon sand, graphite, or ceramic, or a ceramic liner may be 
used. 

The metal mold may be preheated if necessary, but it can also be used at room 
temperature. If the mold is not preheated, the material powder is cooled by conduction. 
However, if the material is not left in the mold long prior to applying pressure, there is no 
problem. For example, if the material is heated to 600°C and the mold is left at 30°C, the 
average temperature drop of the starting material powder after 30 seconds was 30°C. 
However, the mold should be preheated to the vicinity of the molding temperature. 

The metal mold can be preheated by external heating by a gas burner or by 
internal heating by an electric wire inside the metal mold. 

Accordingly, when pressure-molding is done while one of the starting materials is 
softened as the other is un-softened as stated above, the softened material functions as a 
tacky bonding agent and a dense pressure-molded part body can be acquired. However, 
the density of the molded part should be at least 50 % or more of the true density and the 
bending strength should be 10 kg#cm2 or higher. These requirements are for reducing 
the molding temperature as much as possible and for reducing the volume change during 
densification and crystallization. This produces a strong part which prevents damage 
during transportation and heat treatment. 

Following is the composition of glass type material suitable for this invention. 

1 . The first glass type starting material (material with 400 to 800°C softening 
temperature) 

Si0 2 : 55 to 75 %, A1 2 0 3 : 15 % or less, CaO: 5 to 15 %, Na 2 0 + K 2 0: 10 to 20 % 
Above are necessary ingredients, also Si0 2 + A1 2 0 2 + CaO + Na 2 0 + K 2 0 > 90 % 
(weight percentage: same as the following) 

2. The second glass type starting material (high softening point material) 
Si0 2 : 40 to 60 %, A1 2 0 2 : 5 to 20 %, CaO: 25 to 45 % 

Above are necessary ingredients; also Si0 2 + A1 2 0 2 + CaO > 85 % 

Less than 15 % glass coloring agent can be added to the second material above to produce 
a colored part. 

The major difference between these two glass like starting materials is that the 
Na 2 0 + K 2 0 contained in the fist glass like material is not contained in the second glass 
like material but the amount of CaO is higher. Of course, the other components also 
affect the difference in softening point, but the major affect is due to this difference. By 
selecting and adjusting both compositions, it is possible to attain a softening temperature 
which is 100 to 400°C. 

These materials have been selected to be used together and the mixture 
crystallizes more easily than either of the materials by themselves. The molten interfacial 
composition when both materials are mixed in a 1:1 ratio is in the range of Si0 2 : 47 to 68 
%, A1 2 0 2 : 2 to 18 %, CaO: 15 to 30 %, Na 2 0 + K 2 0: 5 to 10 %. Mainly, it is the 
composition range in which wolastnite crystals, anorsite crystals, etc., are produced. 
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This explains the case when the deposited crystal is wolastnite or anorsite. Of 
course, it is possible to use glass like material which will deposit other crystals such as 
dehydrolite crystals, etc. 

The glass like material can be produced by melting appropriate amounts of each 
chemical composition and smashing it by water-crush methods to make small particles. 
Of course, it is possible to obtain this material by pulverizing a glass part with the desired 
composition already. 

The small, glass like particles obtained by these methods are smashed again using 
a ball mill, etc. Since melt-bonding and densification is performed at temperatures just 
above the softening point, the powder should contain at least 50% particles of less than 
200 mesh. Particles higher than 10 mesh should be avoided since they are prone to cause 
bubbles. 

When the glass like material with high softening point contains a coloring agent, 
if this material has a particle size of 10 to 200 mesh and the clear glass like material with 
low softening point is a fine powder of less than 200 mesh, it is possible to make finished 
products with a color pattern. If both materials are fine powders of less than 200 mesh, 
the finished part will have a uniform color. 

Pressure molding the above glass like material powder has been explained 
already. If the pressure is less than 5 kgf/cm2 , the strength acquired will not be sufficient 
to maintain part shape until subsequent heat treatment. However, pressure more than 300 
kgf/cm2 is problematic because of the strength of the metal mold and high cost, and the 
pressure does not have to be that high. 

Next, heat treatment of the molded part is going to be explained. 

Heat treatment of the molded part can be done by raising the temperature rapidly 
up to the molding temperature. Next, it is raised to the crystallization temperature, and 
this temperature is maintained. Of course, it is possible to heat the molded part 
continuously after pressure molding. 

As explained above, molding temperature is somewhere between the softening 
points of the two starting materials. In other words, the temperature is slightly higher 
than the softening point of the low temperature softening powder. Crystallization 
temperature is higher than the softening point of the high temperature softening powder, 
and it is also in the range where crystal growth is fast. 

When the molded part is heated to the molding temperature, the low temperature 
softening powder is re-softened. When the part is maintained at crystallization 
temperature, the high temperature softening powder is also softened. This results in 
sintering and crystallization. After the crystallization process, it is cooled off. 

' For the glass type materials listed above, the molding temperature is 400 to 
800°C; and crystallization temperature is 800 to 1000°C. 

The fist and second glass type material powder is pressure molded at normal 
temperature in a mold frame after kneading them by conventional methods, that is, with a 
tacky bonding agent (PVA solution). Figure 2 shows a comparison of heat treatment of a 
former process (solid line) and heat treatment of the part (dotted lined) in this invention. 

In this figure, (a) includes heating and drying of the starting material by 
conventional methods; division (b) is the process of removing the binder (300 to 400°C); 
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C is pressure molding (400 to 800°C) according to this invention; (d) is sintering and 
crystallization (800 to 1000°C); (e) is cooling. 

If section (a) and (b) are rushed, it produces a bad result. These sections cannot be 
shortened, and they may require more than 100 hours for both (a) to (e). 

According to the manufacturing method of this invention, process (b) is not 
necessary. The time for heat treatment is also shortened to approximately 30 hours which 
is less than 1/3 of the above. 

Next, specific examples of practice of this invention are explained. 

Example of practice 1 . 

The starting glass type material has the composition shown in table 1 below. This 
material was melted and smashed to make small glass type bodies. It is also smashed in a 
ball mill. 



Table 1 







Si0 2 


A1 2 0 3 


CaO 


MnO 


MgO 


Fe 2 0 3 +FeO 


Na 2 0 


K 2 0 


Clear 
material 


A 


70.0 


1.6 


8.8 




4.7 




13.2 


0.9 


Colored 
material 


a 


43.4 


11.4 


42.1 


1.4 


1.0 


0.8 







Wt. 0/0, Fe 2 0 2 + FeO is coloring agent 

Next, this glass type material powder (less than 200 mesh) was mixed in a 1 : 1 
ratio. It was pressed and molded in a metal mold at 30 kgf/cm 2 and 100 kgf/cm 2 , between 
500 to 600°C as shown in table 2. The shape of the molded part was 150 x 150 x 30 
(mm). 

The metal mold was not preheated. Te mold was coated with 0.2 mm of graphite. 



Table 2 



Test# 


Molding conditions 


Physical properties 




Temp C 


Time min 


Pressure 
kgf/cm2 


Density 
(g/cm3) 


Bending 
strength 
(kgf/cm2) 


1 


500 


30 




1.7 


10 


2 


550 


30 




1.8 


29 


3 


600 


30 


100 


2.2 


245 


4 


600 


3 




2.1 


200 


5 


600 


3 


30 


1.9 


150 



This molded part was sintered and crystallized at 900°C x 4 hr. to form wolastnite 
and anorsite crystals. The bending strength of all the products was 630 kgf/cm . 

The entire treatment time including raising temperature of the molded part, 
crystallization, and cooling in the above example of practice was 28 hours. The 
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processing time required by the former method (including drying time) was 101 hours. 
This invention reduces processing time by a factor of 3.6. 

Example of practice 2 



Table 3 





Si0 2 


A1 2 0 3 


CaO 


MnO 


MgO 


Fe 2 0 3 
+FeO 


Na 2 0 


K 2 0 


Clear 
material 


72.1 


1.8 


8.8 




4.5 




11.5 


1.0 


Colored 
material 


55.2 


7.7 


29.8 


2.0 


0.8 


3.7 







Wt, %, PeO is coloring agent 



Clear and colored materials with the above compositions were smashed. The 
colored material was smashed into powder where the amount of particles less than 200 
mesh was 50 to 60 % and the amount of particles 20 to 50 mesh was 30 to 40 %. The 
clear material was turned into powder where the amount of particles less than 200 mesh 
was at least 98 % or higher. Both were mixed in a 1 : 1 ratio. It was molded under the 
following conditions. Next, it was densified and heat treated to crystallize it. 

1 . heating temperature of glass type material powder: 570°C 

2. mold body size: 300 x 300x 25 (mm) 

3. metal mold preheating temperature: 400 to 500°C 

4. pressure: 15 kgf/cm2 

5. metal mold coating: graphite base coated mold, 0.2 mm thickness 
" 6. molded part density: 1 .68 g/cm2 

bending strength: 13.8 kgf/cm2 

7. As a result of sintering and crystallization of the above mold body at 900°C x 4 
hrs., it became a glass ceramic product with mainly wolastnite crystal. 

8. product feature 
density: 2.3 g/cm2 

bending strength: 525 kgf/cm2 
water absorbing rate; 0.28 % 

These values are more than satisfactory for building products. 

(Effects of this invention) 

In this invention as stated above, the part is molded without using a tacky bonding 
agent. Instead, glass type material powders with different softening temperatures are 
used, and molding is done at a temperature slightly above the softening- temperature of the 
low temperature softening powder. Accordingly, various problems with the prior art, 
^such as addition of tacky bonding agent, impurities, loss of product features, tacky 
bonding agent cost, necessity of kneading device, drying process, and de-bindering 
process, are eliminated. Not only that, it is possible to select the molded part strength 
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freely by adjusting heating temperature. In addition, process pressure is lower than for 
the former process. The molded part density can be increased easily to produce a glass 
ceramic product which is suitable for high strength interior and exterior building . 
materials, decorative materials, etc. The manufacturing value of this invention is 
remarkably big. 

4. Simple explanation of figures 
Figure 1 is a cross section of example of one example of practice of this invention; figure 
2 is heat treatment curves for this process and the prior art. 

1 : upper part of metal mold; 2: side of metal mold; 3: lower part of metal mold; 4: 
mixture of heated glass like material powder 

Applicant: Kubota Tekko K.K. 

Assigned Representative: Toshio Yasuda, Patent Attorney 
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»1*'7 *1£IS£U;:££*l*Nai 0 +K»0 ?B 

2 # 7 xttismc nr . #-,TCao aa< 
*s^ut*«, ft !6 ffe © # # ^ w a © 7 y 

©£K J; -a T SB .2 #5 x«Kt4©tt{fc*rt<!B 1 
3&-100T-400 t^i,H:i^n4. 

©^^^(S/^i^'& e fc9^62iE$a^j|flfijtr*^. 

J&^Stfifi&ttSiOi : 47~68$4. AJl.Oi : 2~18Kx 
CaO : 15-30S* > Na 2 0 + K 2 0 : 5-10^©85ffl 
£ *K iiU^HX Ft-f hS> IIC7 J 

± « tf? am a a< * * 7 * h * 4 h> 7/ii/t 

XPi#ifc200 > v •> *ElT©&t9£1-ntf-«* 

a±©«fc«5cLT»?»nfc3y7x«iHi4ia** 

mfc£tt*taf!iLftlEJ&JBf* t f -5 C <h 

DO E ti 5 ke f / cd JU T T tt <j* S « « £ ^ o * *) 
ft©&teB*TJBtt*mftL$***a<|f&sfc* 
t*. X 300kc f /alJa±i*^5!©«tt&af«»W 

® * PpI If -c £> -5 L s * tt£ IS a. * £ 5! b l»* . 

#Kr£taE&7EI*©!$&gKO^Tj£^*. 

toEfiKJBfc©»*&S©fctt©ln»tt, ISRj^aK 

* tii^at,T$$^i < . ft^Tisafcfitt 

!raEfi&^affittBi£©£?c2m©*'7Xtf£B! 
ofitt. t ft to BfB£«t^lfl*©«tft**^ v _t 

@i sa&T *> *5 . *SfifbiaEt*±E©roffittfl:*9 
*©fcfls.«* ±13 *) ^^tes©flKfiiiK© a 



HBBHB63-156024 (4) 

< H©ifi^^I^fc^, ft fa © *S a . * £ * 
li'ffFH MS a * 0? * U» * «fc * # S x 

*7k^«i•©^^'r^^5S^tT^7X^/J^(*<i: 

tt^Tt^ *>©£iig©^&T'J>f*£ LTUt\ 

£ © «fc "9 C U T W h tlh if 7 X * . fzt 

*_ « * - ;u t ;i/ £ E £ *) 55 k *fl ft t * © "C h 9 « 
c© t * ©?iffiii'Afa«n«)^©)5t^-(i:{b, » 

© T * *) . rF t £ to * * 200 > v ■> * El T © tt tt ? 
A<iUtt < t *>50K ftT l/> ^ C i U t^. 

-*io> v > ^ ja±©ffiri©^s«©p D a ^gntc^ 

^^ffitfefk^©^' 7 x^^!T4^^feff]^^C-W 
felSI4©^^s f^I^^^^^10-200 > »•>*© 

(stfc^is) lt*»)s ura^ffiffitcfig 

^♦§E©«<k^3&. jsffifk. -rtt^stttsitea 
tt#at,-©Tft*. isafttea©uttt»^-r*. 

fIS^)^©miR^B2^7X^^l|E4©^^^ 
400 -C-800 TCTfc^s $S 

aitatttt 8oo — i ooo "c t$>^>, 
^2Utt. ±sa^ i 2 *• 7 x^row©t» 

*K J; ^2jnE^c^W:©^^^s i*^©^^t^^ 
3ft*S^I <P V AfgfctfllMfc) i^UT/Ft^LT 
I*. EfilJfi^^*ffl^4^ffl©lDEtfc^Tlf 

*«w©atea©«iteHtfiitti c ok «ai > ^tk^ur 

ISJ El c *? ^ T m K ra « ^ ^ ^ & c * E 13 fifc 
(* © ft E * £ t/ B S K RiK W E Pal tt » a -f y ^ - 
^SKP^I ( 300 r - 400 t) . Cj&a^ft^CijK 

'SflnEiSStjf^affi ( 400 r -800 r) . wi K Pol \% j& 
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is • *sa<fcEPni ( 8oor-iooor) . (e)Kr B iit^ 
& k t * * . 
m g fin ® & * * w k ra © » /< -f y^-© 2 Ig 

SfigtiCi^Tir, (a)-(e)©^KPalT tt 100 
$ TbI El ± £ S U T ^ fz . 

1/3 J2*TKUS*&**iT^*. 
SUfcW 1. 

# 7 * ft /hfr i L t> cd * u: *' - ^ * ^ T ffl ft 



?#B3B3 63-156024 (5) 

35 1 £ 







SiO, 


A£,0, 


CaO 


MnO 


rtgO 


Fe 2 Oi 
+FeO 


Na 2 0 


K 2 0 




A 


7.0.0 


1.6 


8.8 




4.7 




13.2 


0.9 


E¥4 


a 


43.4 


11.4 


42.1 


1.4 


1.0 


0.8 







wt. %, Pe 2 0,+FeO 



±Saf9#Lfc#7XttiKf4tt5fc (200 > v 
#~F) £ 1 : 1 L . B2I®J;^: 500 r 

-600 r CDTbTT , toE^3 30k£ f /cd s ioo k* f / 

it. 150 x 150 x 30 («) T £ 



flU 2 31 



K 5* 

Nn 


E 13 JA ^ & * 


L h tfe #J 14 


^ ft 

CO 


m 


BE fellSffJI 
(k«f/cJ) 


ffi ft 
(g/crf) 


ft If ft£ 
(kgf/cd) 


1 


500 


30 


100 


1.7 


10 


2 


550 


30 


1.8 


29 


3 


600 


30 


2.2 


245 


4 


600 


3 


2.1 


200 


5 


600 


3 


30 


1.9 


150 



±5BL 900 *C x 4 hrT&*£ • *S S <t ^ ® 

630k K f /cd? $> ft. 

i • gaftnifea* fr/p-i*Tc3U£»&aisr«ii 
tt28ifPniTs z> l s> m<o&m*z PbK 

1/3.6 KlHtt-r -5 



HfeM 2. 



55 3 & 





SiO, 


A5.0, 


CaO 


HnO 


MgO 


FeO 


Na 2 0 


KiO 


fift ft 


72.1 


1.8 


8.8 




4.5 




11.5 


1.0 


W ft 


55.2 


7.7 


29.8 


2.0 


0.8 


3.7 







wt. %. PeO t£$fe#] 

*4£s Wfe!S!*4t*200 > y •> #50-60 , 

20-50> v ♦> a #30-40 ?* L > & 

KWtt 200 > v > ^ HTrt<98HE4±0*05fc± LT, 

te. 

© #7 570 r 

CD fiStff2<*i-# -300 X 300 x 25 («) 

® ftSZf AftS- 400 - 500 t 

© JUn E fl-l5ki f 

® ^ a ^ s-&ia#££K o.2»s 

CD ^c^(* ffitt- 1.68 g/ci 
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IS] ft if -13.8 kg f /cd 

(2) £EL 900 r x 4 hrT&JfS • 

® »p a n^li m Bt~ 2.34 g /erf 
ft -525 kg f /dL 

-0.28K 

ft T & * . 

UDuifgHr * ohm, -rtt^^^weKDift 

A, fiftttttateT. tttefflff <D#Ks igt*&B 
©^5Ss tfc«xeu JS^>f v**-X*KD#gs?0 




tffSIB363-156024 ( 6 ) 

cfc -5 £ L rt: O r % T > 
BIT**). SR2 Ha*ftiRK:««liDEtt^»&cf 



W ft IB 1 A ^RfflttXttSC^a 
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tfBSBa 63- 156024 (7) 

F*3 
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